INTRODUCTION
Scoliosis is a public health problem with a prevalence of 0.5% to 3% among the school population. 1 It has the capacity to create initial asymptomatic deformities that may remain unnoticed by parents and teachers and it has an undesirable prognosis.
Postural problems relating to the spine originate during childhood and adolescence through physical development. 2, 3 Moreover, during these periods, individuals are likely to present risky behavior in relation to the spine. 4, 5 Back asymmetry often occurs in the adolescent population because of body posture abnormalities. In turn, such abnormalities can be explained by the fact that many body postures in daily use are inadequate for the anatomical structures, thereby increasing the total stress on body elements, and especially on the spine. 6, 7 One common occurrence among adolescents is trunk asymmetry, which can be considered to be the clinical expression of scoliosis. Adolescents and children only seek care when the deformity is visible and therefore represents a serious problem. For this reason, many studies have investigated risk factors for the spine. 3 Studies carried out in Sweden, the United States, Italy and Brazil have indicated that backpacks cause the body's center of gravity to shift backwards. The heavier the bag is, the greater the shift will be. The imbalance thus caused is compensated by bending the body forward, which can cause spinal deviation. 8 Several studies have shown that children and adolescents carry large quantities of school materials in their backpacks. [9] [10] [11] [12] The greatest concern in this respect relates to the consequences that this daily routine can have for musculoskeletal structures, over the medium and long term, given that these individuals are in the midst of skeletal development.
Geographical differences give rise to several scoliosis rates among school students. 13 Screening is a presupposition within the primary care model. Therefore, low-cost and high-sensitivity procedures directed towards conditions for which there are early and effective interventions, need to be adopted as practices in the healthcare system. From the point of view of primary healthcare, postural assessments provide an opportunity to correct inadequate behavior, thereby making it possible to minimize the consequences from the deformity, while the treatment is underway.
OBJECTIVE
The present study had the aims of measuring the prevalence of scoliosis among students in the fifth to eighth school years in a town in southern Brazil and investigating possible associations between the presence of scoliosis, body overweight and the weight of school materials.
MATERIALS AND METHODS
This was a school-based analytical cross-sectional study carried out among a population of 1340 students of both sexes, who were in the fifth, sixth, seventh and eighth school years in schools in the municipality of Carlos Barbosa, Rio Grande do Sul. The total school student population in the year 2008, as estimated by the Municipal Education Department of Carlos Barbosa, was 1402. This population was divided into 12 schools: nine within the urban area and three in the rural area. There were 11 public schools and one private school. This study was carried out in February, March, April and May 2008.
Scoliosis was measured using the Adams test, 14 which consisted of positioning the student orthostatically, looking forwards in an inspection position, and then asking the student to lean forward with the upper limbs in a relaxed position and the palms of the hands facing each other. The test was considered positive when there was a difference between the right and left rib cages, with the presence of gibbosity.
14,15 A physical examination on the trunk was carried out to investigate asymmetries, by viewing the midline of the body (the spine) and comparing the right and left sides.
All the school materials carried by the school students, which consisted basically of books, notebooks and pencil cases, were weighed on the assessment day. The weight was considered excessive if it exceeded 10% of the students' own weight. 10, 11 In addition, other variables such as weight, height, body mass index (BMI), sex, age, school year, type of school and school location were investigated.
To gather data, a structured questionnaire asking about socioeconomic, demographic, anthropometric and behavioral factors was used, along with physical examination of the posterior part of the trunk (Appendix A). The students' body mass index (BMI) was measured and stratified by age as recommended by the Ministry of Health. Overweight was defined according to the BMI cutoff points for sex and age. To measure weights and heights, a Walmy digital scale of precision 100 g was used. The same scale was used to weigh the school materials carried by the students. The examination was carried out by trained interviewers (the authors: nurses, MD and physiotherapist). The reliability among the examiners was measured in order to ensure the quality of the examinations, and a kappa coefficient greater than 0.9 was obtained.
The data were stored in a database in the EpiData 16 software. The SPSS/PC 10.0 software was used for the statistical analysis. To describe the distribution of the variables, central trend measurements were used, such as the mean, median, mode and minimum and maximum of the amplitude range. To investigate associations between asymmetries, the weight of school materials and scoliosis, the chi-square test was used. The significance level was taken to be P < 0.05. The sample size was large enough to ensure an explanation power of at least 90% with an alpha error of about 2%.
This research project was assessed by the Research Ethics Committee of Universidade Luterana do Brasil (Ulbra) and was approved under the protocol number 2008/035H. The aim of the study, its procedures and the voluntary nature of participation were duly informed to the parents and/or other adults responsible for the school students, by means of a free and informed consent statement that was in accordance with National Health Board Resolution number Conselho Nacional de Saúde (CNS) 196/1996. The parents or other adults holding this responsibility signaled their acceptance by signing the statement. Only the students who came to school on the day set for the assessment with the consent agreement duly signed took part in this study. When scoliosis was detected, the adults responsible for the students were informed and the subjects were referred to the healthcare services available in the area.
RESULTS
Out of the 1402 students attending the school years considered in this study, 1340 were assessed. Losses and refusals amounted to 4.43% (n = 62), including school students who missed the assessment, those whose parents or other adults responsible for them refused to allow participation and those who said they did not want to participate at the time of the assessment.
The study population included 684 boys (51%), the mean age was 12.7 years and the mean BMI was 19.8 kg. The distribution according to school year was that 29.6% of the school students were in the fifth year, 22.8% were in the sixth year, 26.3% were in the seventh year and 21.3% were in the eighth year.
Regarding the type of school, 4.92% were studying in a private school, 33.88% were in municipal schools and 61.19% were in state schools; 21.49% were in schools in the rural zone of the municipality and 78.51% were in schools in the urban zone, as shown in Table 1 . The frequency of scoliosis was 1.4% (n = 19), and it was more prevalent among girls, with a frequency of 1.98% (n = 13). The frequency of shoulder and scapula asymmetry was 6.6% (n = 89); forearm and trunk asymmetry, 10.4% (n = 140); spinal asymmetry, 1.9% (n = 25); and scalene muscle asymmetry, 6.4% (n = 86), as shown in Table 2 .
The prevalence of excessive weight of school materials was found to be 27%. i.e. 41%, 29% and 18% in private, municipal and state schools, respectively, as shown in Table 3 . The study indicated that among the students who did not have scoliosis, the weight of the school materials was 3.7 kg, with a body weight of 48 kg. However, among the students with scoliosis, the weight of the school materials was 4.4 kg, with a body weight of 47.9 kg.
The study found a marginal statistical association between presence of scoliosis and the weight of the school materials (P = 0.08), as shown in Table 4 . In this association, the students carrying excessive weight in their backpacks presented an estimated risk (prevalence rate, PR) of 2.13, with a 95% confidence interval (CI) of 0.8-5.2, compared with students who did not carry excessive weight.
The prevalence of shoulder and scapula asymmetry and excessive weight of school materials was found to be 44% in the private school, 5.0% in the municipal schools and 4.0% in the state schools, as can be seen in Table 5 .
The frequency of body overweight was 19.8%. When the subjects were assessed regarding the possible association of body over- weight with scoliosis, no statistically significant association was found between these two study variables. However, there was a statistically significant association between body overweight and scalene muscle asymmetry (P = 0.00).
DISCUSSION
The prevalence of scoliosis among school students between 10 and 14 years of age, of both sexes, who were attending the fifth, sixth, sev- enth and eighth years in schools in the municipality of Carlos Barbosa was 1.4% (n = 19). This prevalence is in accordance with the prevalence found in previous studies, which has ranged from 1% to 13% worldwide among the general population. 17 Among school populations, the prevalence has ranged from 0.5% to 3%. 1 The present study found similarities with the results from a study in São Paulo that examined 4,037 students using the Adams method. The teachers mentioned a prevalence of 19.8%, the physician mentioned 2.4% and the radiographic examination showed a prevalence of 1.8%. 18 Regarding the differences in the prevalence of scoliosis, it is possible that behavioral factors are strongly associated with this deformity. A study in Sobral (Ceará, Brazil) stated that children and adolescents were in the habit of sleeping in hammocks, 24 while a study in southern Brazil found associations between scoliosis and the number of hours on the computer and between scoliosis and body overweight. 8 Another study in Santa Catarina, Brazil, associated the problem with backpack overweight and with inadequate school furniture. 8, 9 Another factor that may have an influence on establishing scoliosis is the method used to identify it. There would be a possibility of finding a higher prevalence of scoliosis using the Adams test than using radiographic examinations. It is possible that the inter-examiner assessment method provides a more precise measurement for identifying the deformity. A second assessment to confirm the deformity may also help in obtaining the prevalence measurement.
Another study had findings similar to those of the present study. Soucacos et al., 19 in Greece, analyzed students between 9 and 15 years of age and found a prevalence of 1.7%. Andrade Barcia and Andrade Barcia 20 carried out a study on primary and secondary school students in Ecuador and found a prevalence of 0.88%, i.e. smaller than in the present study.
The prevalence of scoliosis in countries such as Argentina 21 and Greece 19 was less than 2%, whereas in Brazil, Rocha and Pedreira observed a prevalence of 7.32%. 22 Vernengo Lezica 21 carried out a study on students between 10 and 15 years of age in Buenos Aires, Argentina. Over a three-year period, this author assessed 9,429 students in 140 schools and found that 126 of them had scoliosis (2.6%).
In other similar studies, Ferriani et al. 23 found a prevalence of scoliosis of 23.5% using the Adams test in Ribeirão Preto, São Paulo, whereas Tavares et al. 24 found a prevalence of scoliosis of 4.8% in Sobral, Ceará.
The present study showed a prevalence of 1.98% (n = 13) among girls and 0.8% among boys, with proportions of 2.4 per 1. It is possible this difference occurred because the peak body growth among females occurs during the age range studied, thus making it easier to view the deformity. Among males, the growth peak occurs later on.
In a study at Pedro Ernesto University Hospital, Universidade do Estado do Rio de Janeiro (UERJ), with the aim of diagnosing early scoliosis among adolescents, Elias and Texeira 25 assessed a total of 4,750 adolescents. Among the 85 individuals (1.78%) who presented positive clinical signs, 54 underwent a radiological assessment and the diagnosis was confirmed in the cases of 49 of them (1.03%). The female sex was the most affected, in proportions of 2:1.
No statistically significant association between scoliosis and excessive weight of school materials was found, and one possible explanation for the marginal association may have been the low prevalence of scoliosis. This differed from the findings of Alvarez Núñez and Oquendo Vázquez, 26 who carried out a study among 2,000 school students in Matanzas, Cuba, to investigate the incidence of scoliosis and analyze the school-based factors that might give rise to risks to the spine, and observed that scoliosis was present in 10.4% of the students. They stated that the weight of school materials was a risk factor.
In spite of the marginal significance that we obtained for the relationship between the excessive weight carried by the school students and shoulder and scapula asymmetries, we noticed that in the private school, where the weight of school materials was greater, the frequency of this asymmetry was also greater, which may be a contributory factor for the presence of scoliosis curves.
In the same way, the excessive weight of school materials presented a statistically significant association with forearm and trunk asymmetry (P = 0.02), thus suggesting that excessive weight carried may be connected with asymmetry. Therefore, the forearm and trunk asymmetry and the scalene muscle asymmetry (P = 0.00), which presented a statistically significant association with scoliosis, showed that such asymmetries may be a source of concern, since they may indicate future problems.
The present study presents limitations inherent to cross-sectional studies. The school materials were only weighed on the assessment day, for reasons of operational convenience. A weekly average might be more accurate with regard to the students' habits, thereby minimizing the possible effect of dispersion of the weight of school materials over the weekly curricular schedule. In addition, no radiographic examinations of a more specific confirmatory nature were carried out.
CONCLUSION
This study demonstrated that body overweight may be associated with shoulder and scapula asymmetries and with scalene muscle asymmetries and suggests that there is a need for preventive action regarding body weight care and control. Excessive weight carried by school students seems to have an association with forearm and trunk asymmetry and suggests that there is a need for intervention to maintain trunk balance.
Therefore, routine trunk assessment actions in schools are very important, because they can lead to intervention in the process of abnormality formation, through early corrections, since such asymmetries are easy for examiners to see and are noninvasive. The time taken to perform the examination is short and the cost is low. Health and education professionals need to be involved in the scoliosis screening process for students and the guidance for reducing the risk needs to be emphasized. 
